Background: Interest in social determinants of health (SDOH) has expanded in recent years, driven by a
Background and Importance S ocial determinants of health (SDOH)-the "conditions in the environments in which people are born, live, learn, work, play, worship, and age"-are increasingly being recognized for the role they play in health and disease. 1 One category of SDOH immediately recognizable as potentially salient for health is material needs, such as housing and food. In the United States, over half a million people are homeless on any given night and roughly 15 million households experience food insecurity. 2, 3 Material needs such as these are associated with poorer health outcomes. For example, food insecurity is associated with higher rates of depression, diabetes, and obesity, and homelessness is associated with higher ageadjusted mortality. [4] [5] [6] Although the emergency department (ED) primarily functions to prevent and treat life-threatening illness and injury, it also acts as a key part of the social safety net. [7] [8] [9] In 2013 alone, EDs in the United States had more than 130 million visits. 10 James Gordon first described the ED as a "social welfare institution" in 1999. 8 As the only health care setting in the United States mandated by EMTALA (Emergency Medical Treatment and Labor Act of 1986) to serve all patients, EDs treat a uniquely vulnerable population. Further, the United States is an outlier among countries in spending disproportionately little on social services compared to health services, which may contribute to health care organizations serving as de facto social service providers. 11 Several studies have shown that material needs are common among ED patients and may affect health services use. For example, high rates of homelessness have been reported among ED patients, and homeless patients have higher ED revisit and hospital readmission rates. [12] [13] [14] [15] [16] [17] Homelessness among ED patients in Veterans Health Administration (VHA) facilities nationally has been reported at over 5%, compared to only 0.8% screening positive for homelessness in VHA outpatient clinics. 18, 19 Prior studies have also found high rates of food insecurity among ED patients. [20] [21] [22] [23] [24] [25] Despite the importance of material needs in the ED patient population, there has not yet been a systematic review of studies examining these needs among ED patients. This gap in the literature presents significant challenges to the growing number of emergency physicians, researchers, and health policy makers interested in SDOH.
Goals of This Investigation
We conducted a systematic review of the literature on material needs of ED patients in the United States. The goals of this study were to summarize research to date on material needs in the ED and to identify gaps in current knowledge to guide future research.
METHODS

Study Design
An a priori protocol defined the systematic review objectives, search strategy, inclusion and exclusion criteria, outcomes of interest, and data extraction method. We registered our protocol with PROSPERO (CRD42017063812), the international database of prospectively registered health-related systematic reviews. 26 This systematic review conforms to PRISMA guidelines. 27 No ethics approval was required.
Study Eligibility Criteria
Studies were included if they presented data on material needs among adult or pediatric ED patients in the United States. Material needs were defined as subsistence and economic needs included under the rubric of "SDOH," including but not limited to housing (instability, quality), homelessness, food insecurity, trouble meeting basic expenses (e.g., inability to pay for medicines or bills), utilities problems, and need for legal assistance. Studies including only income, health insurance, and/or binary employment status-which are commonly used as covariates in multivariable analyses otherwise unrelated to material needs-were excluded because of the ubiquity of such studies. Studies that included material needs as covariates but did not present data on prevalence or effects of these needs were excluded. Studies were excluded if they combined ED patients with inpatient or clinic patients such that unique results for ED patients could not be determined. Studies that extrapolated material needs only from nonindividual sources (e.g., average income in patients' zip codes as a surrogate for patient income) were also excluded. Intervention studies were eligible for inclusion if the intervention addressed material needs as defined. We excluded studies conducted solely in psychiatric EDs since psychiatric EDs usually only see patients with narrowly defined psychiatric chief complaints versus general EDs which treat allcomers. Further, psychiatric EDs differ from general EDs with regard to staffing (i.e., psychiatrists vs. emergency physicians), payment, and regulatory mechanisms. We excluded studies limited to frequent ED users because prior systematic reviews of frequent users exist, [28] [29] [30] [31] [32] although studies that included both frequent and nonfrequent ED users were included. Studies conducted outside the United States were excluded 33, 34 because results may not be generalizable to the United States due to differences in social safety net programs and health care delivery. Studies were only included if presenting original research in a full article.
Search Strategy
We conducted comprehensive searches of four databases (PubMed, CINAHL, SocINDEX, and Social Work Abstracts) using a nested search term created org with the help of a research librarian. The nested search term combined SDOH keywords (e.g., homelessness, hunger) with emergency medicine keywords (e.g., ED, emergency room) using Boolean operators (i.e., OR, AND). The exact search terms used for each database are available in Data Supplement S1 (available as supporting information in the online version of this paper, which is available at http://onlinelibra ry.wiley.com/doi/10.1111/acem.13370/full). The initial search was conducted in December 2014. A second search using the same search terms was conducted in January 2017 to identify studies published since the initial search. Reviewers did not limit searches by date of publication. References of papers included for final analysis were screened for additional eligible studies. Experts were consulted to identify any studies potentially missed by the search.
Study Selection
Two reviewers (PWM and NMK) independently screened all titles and abstracts from the initial search. To minimize the risk of missing potentially eligible studies, we chose a priori to take a conservative approach whereby all studies deemed potentially eligible by either reviewer based on title screening were included in abstract screening and then based on abstract screening were included in full-text screening. Two reviewers (PWM and JHW) completed screening of new titles and abstracts from the second search in 2017 using the same method and completed full-text screening. Disagreements about inclusion during fulltext screening were resolved by consensus of PWM, JHW, and KMD.
Data Extraction and Analysis
All articles from the searches were exported to Mendeley (v1.17.6, Mendeley, Ltd.). Two authors (PWM and JHW) independently extracted key information from included studies into a Microsoft Excel spreadsheet and then cross-checked each other's work for consistency. Disagreement was resolved by consensus. Information extracted included title, author, journal, and publication year; study design; study time period; population studied, sample size; types, number, and location of EDs; material needs examined; methodology; limitations; response rate; and results relevant to material needs. We described studies' locations as urban, suburban, or rural and gave the city and/or state when known. Study authors used a variety of other terminology to further describe their study EDs (e.g., county, academic, public). Given inconsistencies in how such terminology is used in research and practice, we largely report the terminology as used by the authors themselves. More generally, extracted data were limited to information that was itself included in the published articles; some articles gave incomplete information (e.g., not including response rates). Due to the heterogeneity of settings, populations, and material needs examined, we did not conduct a meta-analysis of study results. As a further effort to ensure accuracy of the information presented in the final tables (e.g., no errors in transcription), tables were back-checked against the original articles both by a student member of one of the author's (KMD) lab teams and by KMD independently.
Assessment of Study Quality
The large majority of studies included in our review are cross-sectional. Whereas multiple validated quality assessment tools exist for experimental and some types of observational studies, two systematic reviews of quality assessment tools found a dearth of validated tools for cross-sectional studies. 35, 36 A new quality checklist for cross-sectional studies named AXIS was developed via a "Delphi panel based on convenience," but has not yet been validated. 37 The National Institutes of Health (NIH) "Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies" is widely used, but six of its 14 criteria were not applicable to the majority of studies included in our review, limiting its usefulness. 38 Some authors have criticized the idea of quality rating instruments in general, suggesting that they may obscure unique features of a study in ratings or summary scores. 39 Therefore, we chose to illustrate the quality of individual studies by reporting key elements of their methodology, which align with the applicable criteria from the NIH Quality Assessment Tool: study population, sample size, response rate, sampling methodology, primary research question, measures, and other limitations or potential sources of bias. Figure 1 shows the PRISMA flow chart detailing the study screening process, with results pooled from the initial search in 2014 and repeated search in 2017. The searches identified a total 2,644 nonduplicated articles. Because we purposefully chose very broad search criteria, most of the articles were eliminated based on title or abstract screening alone because it was evident that they were not conducted in ED settings or did not include examination of material needs. A total of 145 studies were eligible for full-text review, of which 34 were included in the final analysis. Screening references of these studies yielded an additional seven articles and consulting experts in the field yielded an additional two studies, totaling 43 articles included in the final analysis.
RESULTS
Search Results
Study Characteristics and Quality
The majority of studies took place in urban settings, with most taking place in public/county or academic medical centers. Eight studies included national data, but most were single center. Subpopulations examined included children or their caregivers (12) , elderly patients (1), high-risk alcohol and drug users (1), veterans (3), patients with psychiatric diagnoses (2), and homeless adults.
11 Table 1 shows which material needs were evaluated in each study. Table 2 summarizes study methodology, primary goals, and limitations  (an expanded version of Table 2 is available in Data Supplement S2, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/acem. 13370/full). While national studies used databases representing tens of thousands to millions of patients or ED visits, most other studies had samples sizes in the hundreds, and one study had a sample size of 80. 40 Several national studies used the National Hospital Ambulatory Medical Care Survey (NHAMCS), which includes a national probability sample of EDs excluding VHA and other federal hospitals. [41] [42] [43] [44] [45] NHAMCS includes a variable on patient residence, with response choices of private residence, nursing home, homeless, other, and unknown. NHAMCS visits are recorded by trained study interviewers, who abstract information using the hospital medical record; information on homelessness A total of 145 articles were read in full, of which 34 were included in the final analysis. Seven additional articles from reference screening and two identified by experts were also included. is therefore highly limited given variable inclusion of homelessness status in the medical record. In general, national studies included few material needs due to data limitations. Most nonnational studies assessed material needs via patient self-reported surveys or interviews. Some studies attempted to use validated questionnaires for material needs. Most studies were cross-sectional surveys, five were retrospective cohort studies, 18, [46] [47] [48] [49] and three used prospective cohorts. [50] [51] [52] Several studies described their methods as "case-control" or "prospective" but were in fact cross-sectional. Many studies used convenience samples or gave vague or incomplete information about their sampling strategies, while a few used random or other rigorous sampling. As would be expected, most studies excluded patients who were critically ill, intoxicated, or otherwise unable to provide informed consent and therefore may not be generalizable to the entire spectrum of ED patients. Response rates were generally above 50%, but two studies had response rates below 50% 12, 53 and several studies did not report response rates. 14, 20, 22, 23, 52, 54 Material Needs As shown in Table 1 , the most frequently examined material needs were homelessness and/or housing type, insurance, income and/or financial insecurity, unemployment, and food insecurity. Table 3 presents study findings.
Homelessness and Housing
In the national studies included in our review, homelessness rates among all ED visits were around 0.5% in NHAMCS studies [41] [42] [43] [44] [45] and 1.2% to 5.6% in VHA studies. 16, 18, 49 However, as noted earlier, NHAMCS relies on whatever information is present in the patient visit record, which likely undercounts homelessness significantly. The VHA studies used homelessness diagnosis and clinic codes or receiving VHA care related to homelessness in the previous year, which may also miss some patients who were homeless.
Local studies reported higher rates of homelessness than studies using NHAMCS. While the majority of local studies reported figures between 2.5 and 6%, 12, 13, 47, 55, 56 homelessness rates were significantly higher in studies among high-risk alcohol and drug users (22.8%), 14 patients with psychiatric diagnoses in Arizona (22.3%), 15 and patients at a public hospital ED near a homeless shelter in New York City (13.8%). 24 Several studies found an association between Studies varied in the depth to which they examined the indicated needs. Studies marked with symbols also examined legal services (*), education/job training (!), clothing (^), access to or issues with child care ( §), home environmental conditions (ⱡ), and neighborhood poverty (~). Cross-sectional (secondary analysis) Urban academic ED (Philadelphia ‡ ) n = 1,506 adults Response rate not given Methods & measurements: Previously validated self-administered "Social Health Survey" measuring five dichotomous variables of "adverse financial circumstances" (food insecurity, housing instability, employment problems, trouble paying for doctor's visits or medications). Primary goal: Examine prevalence of adverse financial circumstances and relation to health status and behaviors. Limitations: Convenience sample with possible selection bias; respondents differed from overall ED population. Only included patients with fifth-grade reading level or above in English. Previous validation of survey instrument limited to cognitive interviews for content and construct validity.
(Continued) Cross-sectional Urban county ED (Minneapolis, MN) n = 3,132 adults (81%)
Methods & measurements: Survey interview of sociodemographics, material needs (income, housing, insurance), and health problems; unclear if used previously validated questions. Randomly assigned data collection shifts; reported approaching all adults (though n = 528 patients recorded as "unable to contact").
Primary goal: Examine association of chronic illness and pain with ED patient sociodemographic characteristics. Limitations: English-speaking patients only. Data collection done over one summer by 45 volunteer RAs.
(Continued) Methods & measurements: Survey interview including items assessing frequency of lack of money, lack of transportation, difficulty getting prescriptions; responses of "sometimes" or "often" categorized as positive. Primary goal: Quantify physical, economic, and psychological problems among older ED patients. Limitations: Did not sample overnight. Sampling described as "random" though details on sampling procedure aside from having randomly selected 4-hour study shifts not given. Excluded patients living in nursing home or assisted living facility. Survey questions not previously validated, though did cognitive testing with six patients prior to study start. Studies differed in how they examined homelessness. Most studies included a single variable on current housing status, though one study included current homelessness, lifetime homelessness, and risk for future homelessness. 24 Several studies examined differences in insurance, food and shelter needs, and health services use of homeless versus nonhomeless patients. [42] [43] [44] [45] 54, 57, 58 Other parameters related to housing were relatively understudied compared to homelessness. Several studies reported a range of 18.1% to 43.8% of patients residing in variably defined unstable housing situations. 13, 20, 24, 40, 59 A few studies included living in public or subsidized housing as housingrelated variables. 48, 53, 60, 61 Housing Quality Housing quality was studied infrequently. The few studies that examined housing quality found high percentages (18%-35.9%) of patients who were concerned about the physical quality of their housing (e.g., pests, structural problems), 22, 24, 59 and Mazer et al. 22 found that housing problems were associated with cost-related medication nonadherence.
Inability to Afford Health Care
Two studies found high percentages of ED patients (>20%) who reported having not seen a physician due to financial concerns, 20, 24 and another study found that nearly 80% of patients reported difficulty paying for medical care. 62 Three studies reported on cost-related medication nonadherence, finding that approximately 25% of patients reported this issue. 20, 22, 24 Other studies found that 8.6% to 19.7% of patients had chosen between buying food and medication. 13, [63] [64] [65] The majority of studies were conducted prior to the Affordable Care Act and Medicaid expansion. Therefore, documented insurance rates-especially among low-income populations-are likely lower than current rates in states that have expanded Medicaid. 66, 67 Food Insecurity Several studies examined food insecurity among pediatric 21, 23, 25, 53, 59, 61 and adult ED patients. 13, 20, 22, 2458, 60, [63] [64] [65] Multiple studies reported rates of food insecurity above 20%. Miner et al. 13 found increasing rates of hunger over a three year period from 2007 to 2009.
Studies particularly identified a high prevalence of food insecurity among households of pediatric patients. Pabalan et al. 25 reported that 45.6% of caregivers of pediatric patients were food insecure. Biros et al. 63 and Kersey et al. 64 identified high percentages of adult patients who reported skipping a meal so a child could eat. Several studies related food insecurity to potential health consequences, such as medication nonadherence, 22, 65 poor asthma control, 21 and iron deficiency anemia. 61 
Unemployment
Some studies reported jobless rates greater than 50%, although two of these studies were specific to mothers of pediatric patients. 13, 22, 23, 40, 56 A few other studies found unemployment rates greater than 30%. 12, 21, 24 Studies found high percentages of patients who had concerns about getting or keeping a job. 20, 40, 59 Baker et al. 62 reported about 20% of patients having difficulty getting time off from work. Doran et al. 24 found that 14.3% of patients reported needing help with job training or education, and 25.8% reported needing help with employment in the past year. Sandoval et al. 68 found that frequent ED users had somewhat higher rates of unemployment than nonfrequent users. Cicero et al. 69 found that 22.1% of pediatric patients' families reported job loss during the 2008 recession, which was associated with greater concern about paying for the ED visit. • Homeless patients = 0.6% of ED visits from 2005 to 2009.
• Homeless patients ≥ 50 years old accounted for 36% of all visits by homeless adults. Majority of homeless patients were 40-54 years old.
• Homeless patients ≥ 65 years old accounted for 4% of all homeless visits.
• Homeless patients < 50 years old vs. Homeless patients' use of urban emergency departments in the United
States.
• 1,302,256 ED visits by homeless patients (0.65% of ED visits nationally).
• • Lower income (OR range 0.92 to 0.99 for each $10,000 higher income) and homelessness (OR range 1.41 to 6.60) associated with increasing frequency of ED use, all statistically significant.
Hastings et al., 2011 18
Emergency department visits in VA medical facilities.
• 5.6% homeless overall. Homelessness in repeat vs. no repeat ED visit group 9.4% vs. 4.9%. Homelessness in hospital admission within 30 days vs. not group 9.6% vs. 5.4%.
• 39.4% low-income. Low income in repeat vs. no repeat ED group 41.3% vs. Factors associated with use of urban emergency departments by the U.S. homeless population. • Uninsured: 34.4% of homeless visits vs. 16.3% of nonhomeless visits.
38.9% (NS
• Medicaid: 27.2% of homeless visits vs. 24.6% of nonhomeless visits.
• ED visits by homeless more likely to be within States.
• 472,922 of 115,322,815 ED visits by homeless individuals (0.4%).
• Uninsured for homeless vs. nonhomeless: 54.7% vs. 18.6%.
• Homeless had higher mean age than nonhomeless (41 years old vs. 36 years old).
• Homeless more likely to have arrived by ambulance (34.1% vs. 15.4%) and to have received more than two diagnostic tests (49.5% vs. 34.5%).
• Triage acuity and admission rate not significantly different for homeless vs. nonhomeless.
Tadros et al., 2016 45
A 5-year comparison of ED visits by homeless and nonhomeless patients.
• 472,922 ED visits by patients identified as homeless in 2005 (0.4% of total ED visits) and 679,854 in 2010 (0.5% of total).
• ED visits increased 43.8% for homeless and 7.4% for nonhomeless patients between 2005 and 2010.
• • Homeless and nonhomeless had similar triage acuity and number of diagnostic tests. Hospital admission rates were not significantly different.
• In both 2005 and 2010 homeless had higher rates of arrival by ambulance and ED visits that occurred within 72 hours of a prior visit.
Multicenter Studies
Biros et al., 2005 63 The prevalence and perceived health consequences of hunger in emergency department patient populations.
• Annual income: 53.6% < $10,000, 29.5% $10,000-25,000, 17.0% > $25,000.
• Insurance: 32.6% uninsured, 44.2% public, 23.2% some private insurance.
• 23.7% screened positive for hunger, 18.7%
"had enough food but not kind desired," 28.5% "put off paying bills to buy food," 16.1%
"not enough food,"
12.7% "did not eat for an entire day," 13.5%
"went hungry but did not eat."
11.5% "skipped meal so child could eat," 3.1%
"child skipped meal."
• 21.6%
"received emergency food (food shelf)," 7.9%
"went to soup kitchen,"
28.1%
"food stamps cut/reduced in preceding 12 months."
• 8.6%
"put off buying medicine to buy food," 9.9% bought "other nonfood items vs. medicine."
• Variables associated with hunger: income < $10,000 • Variables associated with buying food over medicine:
income < $10,000 (2. • 43.5% of hunger-positive patients felt they got sick due to lack of medication.
(Continued) Predictors of frequent emergency department use among patients with psychiatric illness.
• Insurance for frequent vs. nonfrequent users: Medicare (42% vs. 19%), Medicaid (39% vs. 41%), other/uninsured (1% vs. 6%).
• Homeless: 23% of frequent vs. 11% of nonfrequent users.
• Where health and welfare meet: social deprivation among patients in the emergency department.
• Annual income (urban, suburban, semirural): < $10,000 (40%, 7%, 30%), $10,000-$19,999 (25%, 10%, 19%).
• Insurance (urban, suburban, semirural): uninsured (21%, 7%, 18%), Medicaid (40%, 5%, 26%).
• Public assistance receipt (urban, suburban, semirural): any public aid (65%, 17%, 51%), welfare (24%, 2%, 21%), SSI (21%, 9%, 21%), food stamps (37%, 3%, 29%), public housing (6%, 1%, 7%).
• Not enough food, past 4 months (urban, suburban, semirural): 13%, 3%, 5%.
• Evicted, past year (urban, suburban, semirural): 3.5%, 1%, 4%.
• Gas/electric turned off, past year (urban, suburban, semirural): 5.3%, 1%,
8.9%.
• Phone disconnected, past year (urban, suburban, semirural): 19%, 2%, 10%.
• No working refrigerator (urban, suburban, semirural): 3.6%, 1%, 3.8%.
• No working stove (urban, suburban, semirural): 4.5%, 1%, 2.5%.
• No working telephone (urban, suburban, semirural): 13%, 2%, 11%.
• Housing upkeep problems (urban, suburban, semirural): 5.4%, 3%, 6.3%.
• Crowded housing (urban, suburban, semirural): 16%, 6.1%, 8.9%.
• Number of social deprivations (urban, suburban, semirural):
≥1 deprivation (45%, 15%, 31%), ≥2 deprivations (23%, 3%, 17%), ≥3 deprivations (10%, 2%, 9%)..
• Higher social deprivation associated with less contact with health care system outside the ED and higher likelihood of receiving public assistance.
• Nearly one-quarter of those with three social deprivations were not receiving public aid.
Kersten et al., 2014 48 San Francisco children living in redeveloped public housing used acute services less than children in older public housing.
• Among publicly insured children with ED/urgent care visit, 6.4% resided in HOPE VI public housing, 36.4% in nonredeveloped public housing, and 57.2%
in nonpublic housing.
• Food security, health, and medication expenditures of emergency department patients.
• 13% food insecure; among those, 48% food insecure with hunger. Among those with children in the home, rates 15 and 71%, respectively.
• Household income < $20,000 (food insecure vs. secure): 56% vs. 22%.
• Uninsured (food insecure vs. secure): 17% vs. 8%.
• Of food insecure, 27% attributed getting sick to inability to afford medication and 34% would forgo purchase of medications if money was tight.
• Patients with food insecurity had higher rates of chronic pain (41% vs. 24% for food secure), depression (70% vs. 39%), anxiety (33% vs. 17%), and substance use (15% vs. 7%).
Single-center Studies
Bachrach et al., 1990 15 Homeless mentally ill patients in the community: results of a general hospital emergency room study.
• 22.3% homelessness rate. • Soup kitchen use: 62% of homeless, 10% of nonhomeless patients.
• Employed in past 3 months: 30% of homeless, 34% of nonhomeless patients.
• SSI receipt: 21% of homeless, 33% of nonhomeless patients.
Baker et al., 1996 62 Determinants of emergency department use: are race and ethnicity important?
• Uninsured: 73.9% of black, 82.8% of white, 86.3% of Hispanic patients.
• Somewhat or very difficult to pay for medical care: 79.5% of black, 79.5% of white, 79.3% of Hispanic patients.
• Somewhat or very difficult to obtain transportation: 41.9% of black, 39.4% of white, 51.7% of Hispanic patients.
• Somewhat or very difficult to get time off work: 19.5% of black, 20.9% of white, 20.9% of Hispanic patients.
• • 56% uninsured, 20% Medicaid.
• 39% did not own a telephone.
• 42% receiving assistance to buy food.
• 76% did not own a car.
• Not owning a car associated with less health literacy in bivariate models.
• Receiving financial assistance to buy food associated with hospitalization in multivariable models ( Screening for postpartum depression in a pediatric emergency department.
• 75.4% of mothers not employed.
• 19.5% of mothers uninsured, 13.0% of infants uninsured.
• Annual income: 30.2% < $10,000, 21.8% $10,000-$20,000.
• 21.5% worried about where they would live.
• 22.1% worried about running out of food.
• 16.9% reported not eating the way they should due to lack of money.
• Concerns about food (5. • 25.5% reported cost-related medication nonadherence.
• 23.4% reported barriers to physician care.
• 23.0% reported food insecurity.
• 19.3% reported employment concerns.
• 18.1% reported housing instability.
• 48% reported one or more and 31% reported two or more adverse financial circumstances.
• Significant dose-response relationship observed in adjusted analyses between number of adverse financial circumstances and poor/fair self-reported health, depressed mood, high stress, tobacco use, and illicit drug use (but not alcohol use).
Brice et al., 2008 71
Health literacy among Spanishspeaking patients in the emergency department.
• Lived in shelter: 2.3% of English speakers, 2.3% of Spanish speakers.
• Had a phone: 92.9% of English speakers, 81.2% of Spanish speakers.
• Had a car: 83.3% of English speakers, 63.1% of Spanish speakers.
• Received food stamps: 8.2% of English speakers, 12.9% of Spanish speakers.
• Type of residence, owning a phone or car, and receipt of food stamps not associated with health literacy in multivariable analyses.
Cicero et al., 2011 69 A recession's impact on pediatric emergency household spending and attitudes about health-care reform.
• 53.1% public health insurance.
• 9.4% reported child's insurance discontinued in past 6 months.
• 22.1% reported job loss in the past 6 months.
• 47.8% cut at least 1 expense in past 6 months. 26.6% cut clothing, 20.8% cut food, 18.6% cut phone, 15.5% cut utilities, 12.0% cut health care, 10.6% cut mortgage/rent.
• Job loss in past 6 months associated with greater concern about paying for ED visit ( The epidemiology of the homeless population and its impact on an urban emergency department.
• Employed, homeless vs. nonhomeless patients: approximately 10% vs. 80%
(bar graphs shown without giving actual numeric results; thus rates are approximated).
• Receipt of public assistance (welfare, disability, social security, or unemployment), homeless vs. nonhomeless patients: approximately 66% vs. 25%.
• Fewer homeless than nonhomeless patients had a primary physician (7.5% vs. 82%) or regular clinic (28% vs. 83%). Homeless patients had more median ED visits (6.1 vs. 1.0) in past year.
• Homelessness associated with higher "relative risk"
of HIV, TB, depression, alcoholism, schizophrenia, social isolation, and assault.
(Continued) Homelessness and other social determinants of health among emergency department patients.
• Insurance: 26.7% Medicaid, 8.4% Medicare, 4.6% dual Medicare/Medicaid, 21.0% private, 28.1% uninsured, 11.3% other.
• Housing instability: 19.6% no stable housing in past 2 months, 25.4% worried about stable housing in next 2 months. 9.1% evicted in past year.
• Homelessness: 9.3% currently living in homeless shelter, 4.5% on streets;
19.8% homeless in past 12 months including "doubled up," 15.5% had stayed in a shelter in the past 12 months, 30.5% lifetime homeless.
• Housing quality: 34.2% physical problems in current residence.
• Expenses: 42.0% had not met basic expenses in past year, 15.4% did not pay full utilities, 17.4% had phone service disconnected. 27.7% ever not seen doctor and 24.5% not taken medications due to financial concerns.
• Food security: 35.9% often/sometimes worried that food would run out, 40.0% often/sometimes could not afford to eat balanced meals in past year.
• Employment: 34.3% full-time, 16.8% part-time, 39.0% not employed, 9.9% retired.
• Employment assistance: 14.3% needed help with education or job training in the past year, 25.8% had issues or needed help with employment.
• Legal assistance: 12.9% needed help with legal issues in the past year.
Fryling et al., 2015 57 Barriers to homeless persons acquiring health insurance through the Affordable Care Act.
• 20.2% homeless (55% in shelter or transitional housing, 45% outside). Additional 8% staying in SROs.
• Insurance coverage for nonhomeless vs. homeless vs. SRO residents: uninsured 24% vs. 20% vs. 11%; Medicaid 51% vs. 72% vs. 83%; Medicare 11% vs. 10% vs. 20%; private 17% vs. 1% vs. 2%.
• Access to communication for nonhomeless vs. homeless vs. SRO residents:
access to phone 98% vs. 61% vs. 78%; owns personal cell phone 90% vs. 47% vs. 56%; access to computer/tablet 75% vs. 41% vs. 57%; owns computer 60% vs. 12% vs. 24%.
• Among homeless uninsured, the most significant reported barriers to enrolling in health insurance:
not knowing if qualified for Medicaid (30%), not knowing how to apply (19%).
(Continued) A randomized trial on screening for social determinants of health: the iScreen study.
• 98.6% reported at least one psychosocial need.
• 65.4% below Federal poverty level.
• 76.3% concerned about having enough money at the end of the month.
• 66.7% concerned about getting health care (doctor's visits, medications) for child.
• 43.8% concerned about cost/stability of housing, 35.9% concerned about physical condition of housing.
• 56.6% concerned that food will run out before having money to buy more, 48 .1% concerned about not having enough healthy food.
• 55.2% had difficulty getting self or child services/benefits, 52.6% concerned about affordable child care, 22.0% had problems with child support or custody.
• 48.6% concerned about affording transportation or getting around.
• 56.2% reported difficulties finding or keeping a job.
• Mean number of material needs reported similar for in-person interview and tablet survey.
• Some sensitive items (parental substance use and household violence) more commonly reported in tablet survey than in-person interview. Otherwise disclosure rates for individual material need items statistically similar for two screening methods.
Hankin et al., 2013 14 The ED as a prevention site: a demographic analysis of substance use among ED patients.
• Of those who scored in high-risk range on ASSIST screen for drug or alcohol use: 10.7% lived in a shelter, 12.1% on the street, 34.6% owned or rented, 36.1% stayed in someone else's home.
• 13.6% of high-risk users employed full time, 10.2% employed part time, 26 .1% looking for work, 23.3% disabled, 18.6% not seeking employment, 2.6% retired.
Hanley et al., 2011 55 The relationship between chronic illness, chronic pain, and socioeconomic factors in the ED.
• Housing status: 4.9% homeless, 4.8% halfway house, 15.3% living with friends, 51.7% renting, 16.3% property owner, 1.4% nursing home.
• Family income: 44.7% $0-$24,999, 25.1% $25,000-$74,999, 5.7% >$75,000, 18.7% did not know.
• Insurance: 22.5% uninsured, 24.6% private, 38.3% Medicare/Medicaid, 8.8%
other.
• Material needs associated with chronic illness: Effects of food insecurity on asthma outcomes in the pediatric emergency department.
• 35.4% food insecure: 53.3% low food security and 46.7% very low food security. 6.7% very low food security among children.
• Additional 22.0% with marginal food security.
• 40.3% annual income < $15,000, 23.5% $15,000-$24,999, 36.1% > $25,000.
• 48.8% employed full time, 16.5% part time, 34.7% unemployed.
• Overall 39.6% on WIC (for children < 5 years), 78.4% free lunch (for children ≥ 5 years), 57.5% food stamps, 15.8% TANF. Among food insecure 50.0% on WIC, 87.1% free lunch. 77.8% food stamps.
• 5.5% often and 16.5% sometimes used food pantries.
• 3.2% often and 7.9% sometimes used free community meals.
• No significant associations found between food insecurity and admission, ED length of stay, or ED revisits but significantly limited by small sample size/ lack of power and small number of children overall experiencing negative outcomes.
(Continued) Access to disease treatment among patients presenting to the ED with asthma or hypertension.
• 52.7% not employed, 42.5% employed, 4.6% retired. Unemployment 64.2%
among those with both asthma and hypertension vs. 47.3% among those with neither.
• 5.8% homeless, 3.9% halfway house/transitional housing, 16.3% living with friends/relatives, 51.7% renting, 15.3% owned property. Homelessness 8.0%
among those with both asthma and hypertension vs. 4.7% among those with neither.
• 20.3% uninsured, 41.6% Medicaid/Medicare/Safety Net, 23.8% private.
• The prevalence and effects of hunger in an emergency department patient population.
• 48% income < $10,000.
• 26% no insurance, 52% public insurance, 22% private insurance.
• 29% received emergency food/food shelf, 21% went to soup kitchen, 34%
used food stamps, 58% had food stamps cut in the last 12 months.
• 28% had enough food but not desired food, 18% did not have enough food, 23% did not eat for a whole day, 23% skipped meal so child could eat, 4% reported child skipping a meal, 33% put off paying bills to buy food.
• 11% put off buying medications for food, 10% spaced out frequency of taking medications, 10% had to make choice between food and medicine, 14%
"got sick" because could not afford medicine.
• Reduction in food stamps associated with hunger • 4.6% homeless overall. Homelessness among patients with vs. without ED mental health diagnoses: 21.5% vs. 3.2%.
• Overall insurance at ED visits: 36.0% Medicaid, 5.3% Medicare, 44.2% uninsured, 2.5% private. Uninsured among those with vs. without ED mental health diagnosis: 21.5% vs. 47.2%.
• 5.2% of ED's total annual visits by patients recorded as currently homeless.
10.9% of ED's visits by patients recorded as homeless at any time in study period.
• Among patients with mental health diagnoses, • Homelessness also associated with ED revisits ( Epidemiologic analysis of an urban, public emergency department's frequent users.
• 12.1% of all patients homeless.
• 38.3% of frequent users homeless.
• Risk for cost-related medication nonadherence among emergency department patients.
• Risk for CRMN reported by 25.5%. Additional 4.8% reported concerns about affording medication.
• • CRMN also associated with interpersonal violence, lack of social support, emotional stress, tobacco use, and drug use.
Meyers et al., 1995 53 Housing subsidies and pediatric undernutrition.
• 45.3% receiving housing assistance, 25.1% on wait list, 29.6% not on wait list.
• 72.9% receiving WIC, 67.0% AFDC (welfare), 66.0% food stamps, 4.4%
Department of Social Services assistance, 1.5% SSI.
• 69.5% Medicaid, 15.8% HMO, 9.9% no insurance, 4.9% private insurance.
• 3.3% of children receiving housing assistance had indicator of low growth vs. 21.6% of those on wait list for housing assistance and 10% of those not receiving assistance nor on wait list.
• Hunger and food insecurity among patients in an urban emergency department.
• 54.5% unemployed.
• Family income: 17.3% < $5,000, 33.0% $5,000-$24,999, 17.0% $25,000-$49,999, 5.6% $50,000-$74,999, 12.9% $75,000-$99,999, 0.6% > $100,000.
• Housing: 5.9% homeless, 4.4% halfway house, 16.6% lived with friends/relatives, 54.0% rented, 15.2% owned. 23.1% reported unstable living conditions.
• Insurance: 21.8% uninsured, 25.5% private, 40.6% Medicare/Medicaid/ "safety," 10.2%
"other."
• Hunger and food insecurity: 27.2% ever hungry. Food scarcity: 6.8% daily, 6.7% 2-3 times/week, 4.1% weekly, 4.6% monthly, 4.5% yearly, 71.3% never.
19.7% reported ever having to choose between food and medicine.
• • Male sex (1.26 [1.11-1.44] ).
• Unemployment (1.38 [1.20-1.60] ).
• Having to choose between food and medicine (5.36 [4.64-6.19] ).
• Homeless (4.50 [3.27-6.19 ]) property owner.
O'Brien et al., 1997 70 Use of the ED as a regular source of care: associated factors beyond lack of health insurance.
• 77% annual income < $30,000.
• 43% employed full time, 12% employed part time, 14% unemployed, 10%
disabled, 9% "homemaker," 6% student, 6%
• 29% uninsured, 16% Medicare, 16% Medicaid, 20% HMO, 19% private.
• Health literacy of adults presenting to an urban ED.
• Insurance: 29.6% private, 21.8% uninsured, 33.0% Medicare/Medicaid/safety net, 13.9% other.
• 48.7% employed, 48.4% not employed, 2.8% retired.
• 14.7% property owners, 6.0% homeless, 4.6% halfway house/transitional housing, 16.5% lived with friends/relatives, 54.5% renting, 0.7% nursing home.
• • 45.6% food insecure overall.
• 82% of families reporting food insecurity used ≥ 1 community resource for food. Specifically, 37.6% used WIC, 68.8% state food stamps, 15.6% food pantry, 2.1% prepackaged food program for seniors.
• Food-insecure family income: 42.6% < $10,000, 17.7% $10,000-$19,000, 17.7% $20,000-$29,000, 9.2% $30,000-$39,000, 7.8% > $40,000.
• For each increase in annual income of $10,000
odds of using government/community food resources decreased (0.77).
Rodriguez et al., 2009
58 Food, shelter, and safety needs motivating homeless person's visits to an urban emergency department.
• Homeless patients average 45.7 months homeless, 3.5 nights/week sleeping on street.
• Food insecurity measures (homeless vs. nonhomeless patients): meals per day (2.1 vs. 3.6), hunger as a main reason for ED visit (13% vs. 5%), ate less than wanted in past 3 months (63% vs. 8%), receive food stamps (21% vs. 16%).
• 17% of homeless said lack of shelter was a main reason for ED visit. No differences by season.
• 31% of homeless persons had adequate clothing.
• Insurance (homeless vs. nonhomeless): Medicare 11% vs. 23%, MediCal 25%
vs. 18%, private 0% vs. 10%, uninsured 64% vs. 49%.
• Equal percentages of homeless and nonhomeless patients believed their presenting problems were emergencies (79%). Fewer homeless felt they could have their problem cared for in a clinic (40% vs. 57%).
• ED visit characteristics (homeless vs. Child food insecurity and iron deficiency anemia in lowincome infant sand toddlers in the United States.
• 10.4% reported child food insecurity: 7.8% reduced diet quality, 2.6% child hunger.
• Caregiver employment (child food insecure vs. • Caregivers reporting child food insecurity more likely immigrants and have less than a college education in bivariate analyses.
• Children with food insecurity more likely to have been hospitalized at least once (37.5% vs. 23.8%).
• In multivariable analyses, child food insecurity associated with iron deficiency anemia (2. Prevalence of nonmedical problems among older adults presenting to the emergency department.
• 94% private residence, 6% assisted living. 98% insured.
• 31% said lack of money was sometimes/often a problem in the past year.
• 12% said lack of transportation was sometimes/often a problem in the past year.
• • 32.6% had annual household income < $20,000.
• 37.9% had MediCal and 3.4% uninsured.
• 17.4% received government aid.
• 13.2% did not have transportation available.
• 23 and 36.6% nonadherent with meds and follow-up appointments, respectively.
• MediCal coverage and uninsured status associated with medication nonadherence. MediCal associated with follow-up nonadherence.
Zambrana et al., 1994 40 The relationship between psychosocial status of immigrant Latino mothers and use of emergency pediatric services.
• 61.3% of mothers not working, 29.6% working full time, 9.3% working part time.
• 39.2% of children had MediCal, 60.8% uninsured.
• Mean 5.67 life problems identified per subject.
• 58.7% reported lack of money as a major or serious problem.
• 41.2% difficulty finding/keeping a job.
• 38.7 and 36.2% difficulty finding affordable and safe place to live, respectively.
• 40% reported cost of care as a barrier to health care. *Odds ratios [with 95% confidence intervals] presented in table are generally from multivariable analyses unless otherwise noted (for study methodology details see Table 2 ).
AFDC
Financial Problems and Meeting Basic Expenses
Annual income was frequently reported as a covariate, and several studies identified high percentages (up to 80% in one study) of patients with annual household income less than $25,000 per year. 13, 21, 23, 25, 50, 55, 60, 63, 65, 70 Mazer et al. 22 found that 40% of participants reported financial instability, which was associated with cost-related medication nonadherence. Gottlieb et al. 59 found that 76.3% of pediatric patients' caregivers had concerns about not having enough money at the end of the month. Finally, Stevens et al. 72 found that 31% of elderly patients reported lack of money and identified this as a risk factor for malnutrition and medication nonadherence.
A few studies collected data on patients' ability to pay for basic services like telephone and utilities. Gordon et al. 60 and Doran et al. 24 reported that 4.8 and 15.4% of individuals had their gas/electric service disconnected in the past year due to late payments, respectively. The percentage of patients in those studies reporting having telephone service disconnected during the same period was 10.7 and 17.4%, respectively. In Gordon et al., 60 more individuals reported these concerns in urban and rural areas compared to suburban EDs. A few studies assessed concerns about paying for child care. 40 ,59,68 Doran et al. 24 also found that 42.0% of patients reported a general inability to meet basic expenses.
Other Material Needs
Several studies examined other material needs that may be important for patients' medical, financial, or overall well-being, including availability of clothing, 58 53, 60 and SSI. 15, 53, 60 Some studies examining food insecurity also reported on use of community food resources such as food pantries. 25, 63, 64 Meyers et al. 53 found that pediatric patients who were on the waitlist for subsidized housing (i.e.
, not yet receiving assistance) had significantly lower weight-for-age than those who were currently living in subsidized housing. Overall, studies revealed that ED patients commonly used social welfare/safety net programs, but that a significant number of patients were not enrolled in safety net programs for which they seemed potentially eligible.
Screening for Material Needs
Studies varied considerably with respect to how they gathered material needs data. Twelve studies extracted material needs data from the medical chart or from a database, five of which used NHAMCS data. 16, 18, [41] [42] [43] [44] [45] [46] [47] [48] [49] 51 The remaining studies used selfadministered questionnaires or in-person interviews. The study by Gottlieb et al. 59 was unique in that it randomized subjects to an in-person interview versus a self-administered survey on a tablet; they found no significant differences between the two groups in material needs reported, although the tablet group more frequently reported domestic violence and drug use.
DISCUSSION
In this systematic review we found a multitude of studies showing that ED patients have a wide range of material needs. Some of these needs may be obvious to any practicing emergency care provider (e.g., chronic street homelessness), but others may be relatively "invisible" (e.g., housing instability, food insecurity). 73 The information presented in this review may be useful not just for ED care providers, but also for hospital administrators, insurers, policymakers, health services researchers, and others who seek to better understand the ED patient population.
Our review found several gaps in the existing literature. The majority of studies were conducted at single sites, primarily in urban areas. Only two studies examined rural ED patients. 60, 71 Future studies should include data from geographically diverse study locations. Studies varied considerably in the manner and rigor with which they assessed material needs. National-level studies using NHAMCS or Veterans Affairs (VA) data only reported on homelessness, insurance, or income and were subject to methodologic limitations that underestimate the true prevalence of ED patient homelessness. Other studies used a wide range of survey instruments to assess patient material needs. While some studies used previously validated assessment tools, others used questions made up by the study authors with unknown sensitivity and specificity. Therefore, studies may have either missed or overcounted patient material needs, biasing their results in unknowable directions. Unfortunately, a concise yet comprehensive material needs screening tool has not yet been created and validated for ED patients; this would be a fruitful area for future research. In the meantime, we advise that researchers combine topic-specific screening tools that have been validated in the ED (preferably) or other health care settings. For example, a validated two-item Hunger Vital Sign is accurate for screening for food insecurity in ED patients. 74 In the absence of such tools for some topics, researchers could use questions that have at least proven to be understandable to a wide range of people such as those used in national surveys such as the Census Bureau's Survey of Income and Program Participation.
One of the largest potential sources of bias in many of the studies included in this review is related to methodologic limitations in sampling design and reporting. Most studies had adequate sampling size, but many had poor (or poorly described) sampling strategies that approximated convenience sampling. As a very basic step, we recommend that researchers provide full descriptions of their sampling strategies and include ineligibility and refusal rates for their studies. Determining optimal methods for sampling in the ED is more complex. Little practical guidance exists for emergency medicine researchers in this area. We have yet to see recognition in the literature, for example, that even well-conducted (e.g., random) cross-sectional (point-in-time) sampling of ED patients will tend to oversample ED frequent users. To the extent that frequent ED users more commonly have material needs, rates of these needs may be overestimated in cross-sectional studies of ED patients from an individual user perspective (though not from a visit perspective). In future research, we plan to further examine and provide guidance around the unique complexities of study sampling in the ED.
The majority of studies included in our review were cross-sectional-which limits their ability to draw conclusions about the effects of various material needs on health and health services use-though a few cohort studies found that homelessness was associated with frequent ED use, ED revisits, and hospitalizations. More research is needed that goes beyond cataloguing and correlating patient material needs and instead examines the pathways through which those needs impact health, ED and other health services use, and other outcomes. Further, no studies in this review examined the effects of interventions to address ED patient material needs, and therefore we do not know if or how such interventions may be effective in improving health and other outcomes. One quasiexperimental study published subsequent to our literature search found that ED patients at a safety-net California hospital who received a "help desk" intervention designed to assist with their material needs were more likely than a control group to be aware of and have made contact with agencies that could assist them with their needs 1 month later, but did not have changed self-reported health or ED use. 75 This study, however, suffered from several methodologic limitations. Rigorously conducted experimental or quasiexperimental research is essential to evaluate the effects of interventions addressing ED patients' material needs. In general, we recommend that future studies of material needs or other SDOH of ED patients be conducted with thoughtful attention to sound research methodology. Researchers should consult with expert methodologists when designing their studies. The Social Interventions Research & Evaluation Network (SIREN) of UCSF currently offers free consulting services for studies related to SDOH. 76 Further, as interest in SDOH expands, researchers may find more ready access to funding for related studies, which could facilitate more rigorous study methodology.
Despite limitations in the existing research, given the observed consistency of findings from multiple studies we can still confidently conclude that a wide variety of material needs are prevalent among ED patients. Our findings should prompt other ED settings to consider the material needs of patients within their departments. In addition to conducting formal research in this area, ED practitioners could begin to use SDOH screening tools, ideally embedded within electronic medical records. As noted, while there is no universally accepted screening tool for material needs in ED patients, multiple tools for SDOH screening have been proposed for use in other settings and may be appropriate for clinical screening in the ED, [77] [78] [79] including a new 10-item social needs screening tool developed by the Centers for Medicare & Medicaid Services (CMS). 80 Routine, standardized documentation of patient material needs in the electronic medical record-for example, through use of existing material need ICD-10 codes (e.g., Z59.0 is the ICD-10 code for homelessness)-would facilitate future research and related practice efforts.
The ED plays a vital role in the medical and social safety net. As the only medical facility open at all hours and legally mandated to provide care to every patient who walks through its doors, the ED sees a large share of patients with material needs. 81, 82 Recently, emergency physicians created the Social Emergency Medicine Section of the American College of Emergency Physicians (ACEP), illustrating the growing interest in SDOH within emergency medicine. 83 Further, the expansion of new health care payment models such as Value-Based Payment will increasingly incentivize providers to address patients' material needs and other SDOH. 84 Although the ED sits at the crossroads of social factors and disease, some still view the ED as a primarily medical institution. But given that social factors can be as significant as physiologic disease in terms of causes of mortality in the United States 85 and that the ED often is a primary source of care for the socioeconomically marginalized, it is important to better understand the potential for emergency medicine to address these problems in caring for the most vulnerable in society. Independent of the potential larger role that the ED could play as part of the social safety net, knowledge of patients' material needs is often important for providing effective individual medical care in the ED. 73 Emergency medicine specialty societies could eventually play a larger role as well. For example, the American Academy of Pediatrics has issued policy statements recognizing the importance of SDOH and the role of pediatricians in addressing them. 86, 87 
LIMITATIONS
Our study has some limitations. As for any systematic review, we are limited in our conclusions by the limitations of the component studies themselves. Additionally, researchers working in EDs where patients frequently exhibit material needs may be more interested in studying these problems, leading to a "prepublication bias." Therefore, in our review we present results of individual studies but do not attempt to draw conclusions about rates of material needs of U.S. ED patients at large.
We deliberately chose a broad study question-providing a "survey of the literature" on material needs of ED patients-since there has been no prior review of this topic and thus we felt that presenting a broad overview of the field would be a fruitful starting point. At the same time, we did not include all potentially important SDOH; we focused on material needs, and thus our search did not include other SDOH such as immigration status, education, violence, and social support. Future reviews on these topics would be helpful, but including all possible SDOH in the current review was infeasible. We only included studies conducted in the United States. Several Canadian studies have examined material needs of ED patients, but were beyond the scope of our review. [88] [89] [90] While our literature search was broad and used four different databases, we could have missed some eligible studies. In particular, we may have missed studies that included material needs as covariates but whose primary focus was another topic (e.g., substance use) and therefore may not have been indexed in publication databases in a way that would be captured by our search criteria. Reference screening and asking experts in the field added only a few additional papers to our final analysis, raising our confidence that we did not miss important studies focused on ED patient material needs. To minimize the risk of excluding eligible studies found through our search, we used two independent reviewers and retained titles and abstracts that either reviewer deemed potentially relevant.
Finally, as interest in SDOH increases, new studies meeting our eligibility criteria have continued to be published after our last database search in January 2017, such as the intervention study mentioned earlier. 75 Another study examined malnutrition and food insecurity among elderly adults across three EDs in the Northeast, Midwest, and Southern United States, finding an overall malnutrition prevalence of 12.3%. 91 A study conducted in three Pennsylvania EDs found that 7.0% of patients screened positive for homelessness and an additional 3.1% screened positive for risk for future homelessness; rates were highest in the urban ED, but homelessness and risk were also present at the suburban sites. 92 A Chicago study used a convenience sample of adult and pediatric ED patients to compare the accuracy of two screening tools for food insecurity. 74 Finally, a study in a Southeast U.S. ED surveyed patients with sickle cell disease with regard to their needs including difficulties with organizing transportation and paying for prescriptions. 93 
CONCLUSIONS
This systematic review clearly illustrates a high prevalence of various material needs among ED patients. A
smaller body of literature found that ED patient material needs were associated with ED use and other health-related outcomes. Despite limitations in individual studies, the consistency of findings regarding high levels of material needs among ED patients may warrant moving beyond research toward action in certain areas, particularly for more robustly studied needs such as homelessness. Concurrently, research to determine the best types of interventions and their effects on health and other outcomes is urgently needed. We know the ED serves as a social and medical safety net; more research related to patient material needs and other social determinants of health will help us define how to best fulfill that role.
